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MOS TRANSISTOR AND FABRICATION METHOD THEREOF 

CROSS-REFERENCE TO RELATED APPLICATIONS 
[0001] This application relates to and claims priority to the Republic of Korea Patent 
Application No. 10-20020076823, filed on December 5, 2002, the contents of which are 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0002] The present invention relates to a semiconductor device, and more particularly 
the present invention relates to a MOS transistor and a method of fabricating the same. 
Description of Related Art 

[0003] In general, a conventional MOS transistor is a kind of field effect transistor 
("FET"). The MOS transistor includes source and drain regions formed on a semiconductor 
substrate. A gate oxide film and a gate region are formed on the semiconductor substrate. In the 
MOS transistor, metal wires are connected to upper portions of the source region, the drain 
region and the gate region. The metal wires apply electrical signals to each of the source region, 
drain region, and gate region, to thereby operate the MOS transistor. These regions function as 
electrodes. 

[0004] Techniques related to this are disclosed in U.S. Patent Nos. 6,541,859, 6,504,224, 
6, 475,865, and 6,365,468. 

[0005] Fig. 1 is a sectional view of a conventional MOS transistor. A silicon wafer 1 

functions as a semiconductor substrate. A gate oxide film 2 having a predetermined width is 

formed on the wafer 1 . A polysilicon layer 3 to be used as a gate electrode is formed on the gate 

oxide film 2 and a surface of active region of the silicon wafer 1 . A P or N-typed dopant of light 

concentration is then injected into the silicon wafer 1 at the active region using the polysilicon 

layer 3 as a mask to form a lightly doped drain ("LDD") 4 on the silicon wafer 1 at the active 

region, as shown in Fig. 1. Much of the polysilicon layer 3 is removed leaving the gate 

electrode 3 on top of the gate oxide film 2. Side walls 5 are then formed adjacent the gate 

electrode 3, as shown in Fig. 1. Next, after side walls 5 are formed on both sides of the 

polysilicon layer 3 source and drain electrodes are formed under the lightly doped drain 4, as 

shown in Fig. 1 . The electrodes are formed by injecting dopant having a heavy concentration, 
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which has the same conductivity as the LDD 4, into the silicon wafer 1 at the active region. The 
source and drain electrodes 6 are formed on the silicon wafer 1 at the active region. 

[0006] This conventional MOS transistor has drawbacks. There are structural limits 
associated with miniaturizing these transistors. As such, these transistors are not well suited for 
the current downsizing or miniaturizing trend associated with the high integration of the 
semiconductor devices. 

[0007] Therefore, there is a need for a MOS transistor having a new structure that is 
suitable for use in today's small, highly integrated semiconductor devices. There is also a need 
for a fabrication method thereof. 

BRIEF SUMMARY OF THE INVENTION 
[0008] In consideration of the above problem, it is an aspect of the present invention to 
provide a MOS transistor that is capable of being miniaturized or reduced in size and a 
fabrication method thereof. 

[0009] A miniaturized MOS transistor in accordance with the present invention can be 
achieved by forming a trench by etching a predetermined region of a semiconductor substrate, 
burying a p+ polycrystalline SiGe film in the trench, and using the SiGe film as an active region, 
which corresponds to the desired size of the MOS transistor. The present invention is suitable 
for forming MOS transistors of varying sizes. The fabrication technique disclosed herein 
produces flexibility in manufacturing transistors of reduced size. 

[0010] According to an aspect of the present invention, a method of fabricating a MOS 
transistor is disclosed. The method of fabricating includes forming a trench in a semiconductor 
substrate by selectively etching the semiconductor substrate. A channel region is formed with a 
predetermined width in the bottom of the trench. The channel region can be formed from a 
silicon layer. A gate oxide film is formed on the channel region. The silicon layer forming the 
channel region can be formed having a thickness of 1000 - 3000A. During formation, the 
silicon layer is formed on the top surface of the semiconductor substrate and in the trench. The 
gate oxide film can be formed having a thickness of 100 - 500 Aon the silicon layer. The 
channel region, preferably has predetermined width, and the gate oxide film are sized to the 
desired dimensions by forming a pattern of photosensitive film covering a predetermined width 
of the gate oxide film within the trench on the gate oxide film and etching the exposed gate 
oxide film and the silicon layer using the pattern of photosensitive film as a mask. 
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[0011] A source and drain film is formed on the gate oxide film and within the trench. 
The source and drain film buries the trench. Preferably, the source and drain film can be a SiGe 
film. Preferably, when the SiGe film is formed, impurities are doped at the same time of 
depositing the SiGe such that a polycrystalline SiGe doped with the impurities is formed. In 
addition, the SiGe film can be deposited to have a ratio of Si to Ge in a range of 9 : 1 to 7 : 3. A 
thermal process can be performed on the SiGe film after the SiGe film is deposited. 

[0012] A gate groove having a predetermined width is formed by selectively etching the 
source and drain film to expose at least a portion of the gate oxide film. Side walls are formed 
on opposing sides of the gate groove. The side walls can be formed of nitride films. 

[0013] A gate electrode is formed by forming a silicon layer on the exposed gate oxide 
film such that the gate groove is buried. 

[0014] In accordance with the present invention after forming the SiGe film on an 
overall top surface of the semiconductor substrate including the interior of the trench, remaining 
SiGe film except for the interior of the trench is removed. A tetra ethyl ortho silicate ("TEOS") 
film is then deposited on the overall top surface of the semiconductor substrate including the 
SiGe film. The TEOS film is then planarized by means of etch-back processing or chemical 
mechanical polishing until the semiconductor substrate is exposed. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0015] The invention will be described in conjunction with the following drawings in 

which like reference numerals designate like elements and wherein: 

[0016] Fig. 1 is a sectional view of a conventional MOS transistor; and 

[0017] Figs. 2 A to 2E are sectional views illustrating a method of fabricating a MOS 

transistor according to the present invention. 

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT 

[0018] A preferred embodiment of the present invention will now be described in detail 
with reference to Figs. 2A-2E. 

[0019] Fig 2E illustrates a sectional view of a MOS transistor according to the present 

invention. The MOS transistor includes a semiconductor substrate 1 1 . The semiconductor 

substrate 1 1 can be a silicon wafer or other suitable substrate material. The substrate 1 1 includes 

a trench 100, shown in Fig. 2A, with a predetermined width of active region. A channel region 
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12 is located on the substrate 1 1 in the trench 100. The channel region 12 can be formed from 
silicon with a predetermined width and a predetermined thickness. 

[0020] A gate oxide film 13 is located on the channel region 12. A gate groove 200, 
shown in Fig. 2C is located above the gate oxide film 13. 

[0021] A SiGe film 15, which functions as a source/drain film, is located on opposing 
sides of the trench 100. The SiGe film 15 can be made from a polycrystalline material doped 
with impurities. The material has a ratio of Si to Ge that lies in a range of 9 : 1 to 7 : 3. An 
insulation film 16 is located on top of the SiGe film 15. The film 16 can be made of a TEOS 
(tetra ethyl ortho silicate) material. A gate groove 200, shown in Fig, 2D, is bounded by the 
oxide film 13 on the bottom and nitride films 15 and 16 on the sides. A nitride film is provided 
to form side walls 17 on opposing sides of the gate groove 200. The side walls 17 can extend 
from the oxide film 13 to the top of the groove 200, as shown in Fig. 2D. A gate electrode 18 
fills the remaining portion of the groove 200. The gate electrode 18 extends over the upper 
portion of the side walls 17 onto the insulation film 16. The gate electrode 18 can be formed 
from a polycrystalline silicon layer. 

[0022] A method of fabricating the MOS transistor in accordance with the present 
invention will be described in connection with Figs. 2A to 2E. 

[0023] A trench 100 is formed in the semiconductor substrate 1 1 by selectively etching a 
predetermined region of the substrate 11. Since the trench 100 corresponds to an active region 
on which a semiconductor device is formed, the trench 100 is formed with a size corresponding 
to a width of the desired active region. After the formation of the trench 100, a silicon film 12 is 
formed on the top surface of the silicon wafer 1 1 and the trench 100, as shown in Fig. 2 A The 
film 12 will function as a channel region, as shown in Fig. 2E, into which a current can flow. 
The silicon film 12 can be formed with a thickness of 1000 - 3000A. An oxide film 13 is 
formed on the silicon film 12. The oxide film 13 functions as a gate oxide film. The gate oxide 
film 13 can be formed at a thickness of 100 - 500A. 

[0024] A photosensitive film 14 is then applied on the oxide film 13. The film 14 is 
exposed and developed so that a pattern with a predetermined width is formed in the interior of 
the trench 100, as shown in Fig. 2 A. 

[0025] The exposed oxide film 13 and silicon film 12 are then etched. The pattern of 
photosensitive film 14 functions as a mask so that the oxide film 13 and the silicon film 12 
under the film 14 remain with a predetermined width in the interior of the trench 100. 

4 

30417473 l.DOC 



[0026] Subsequently, a p+ polycrystalline SiGe film 15 that is heavily doped with p- 
typed impurities is formed on the top surface of the silicon wafer 1 1 over the silicon film 12 and 
the oxide film 13 and in the interior of the trench 100, as shown in Fig. 2B. The SiGe film 15 
functions as a source and drain film or region. When the SiGe film 1 5 is formed, the 
polycrystalline SiGe can be deposited while supplying Si source material and Ge source material 
simultaneously such that a ratio of Si to Ge lies in a range of 9 : 1 to 7 : 3. The range is 
preferably 8:2. Impurity doping for an adjustment of a driving voltage is carried out at the 
same time the SiGe film is formed. After the deposition of the SiGe film 15, a thermal process 
is performed so that the impurities, Si and Ge are diffused and the quality of film is stabilized. 

[0027] The SiGe film 15 is selectively removed such that the film 15 remains only in the 
interior of the trench 100, as shown in Fig. 2C. An insulation film 16 is then deposited on the 
top surface of the silicon wafer 1 1 including the SiGe film 15. The insulation film 16 can be a 
tetra ethyl ortho silicate film. A top surface of the insulation film 16 is planarized by means of 
etch-back processing or chemical mechanical polishing until the silicon wafer 1 1 is exposed, as 
shown in Fig. 2C. The film 16 only remains in the trench 100. 

[0028] A gate groove 200 having a predetermined width is then formed by selectively 
etching the insulation film 16 and the SiGe film 15. The oxide film 13 is thereby exposed to a 
predetermined width through the gate groove 200. 

[0029] A nitride film is then deposited on the oxide film 13, to fill the gate groove 200. 
The nitride film is then etched to form side walls 17. 

[0030] A polycrystalline silicon layer is then formed on the exposed oxide film 13 and 
the side walls 17 such that the gate groove 200 is sufficiently buried. A gate electrode 18 is then 
formed by etching polycrystalline silicon layer to a desired thickness and width, as shown in Fig. 
2E. 

[0031] Since a trench to be used as an active region is formed by etching a 
predetermined region of a semiconductor substrate and a p+ polycrystalline SiGe film to be used 
as a source/drain region is buried in the trench, the size of the active region can be freely 
adjusted. Accordingly, a miniaturized MOS transistor that is very well suited to the trend of 
high integration of the semiconductor device can be easily fabricated. Particularly, the method 
of fabrication in accordance with the present invention very well suited in the formation of 
microscopic elements that cannot be fabricated by conventional techniques. 

[0032] Although a preferred embodiment of the present invention has been described in 

detail hereinabove, it should be clearly understood that many variations and/or modifications of 
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i * 

the basic inventive concepts herein taught which may appear to those skilled in the present art 
will still fall within the spirit and scope of the present invention, as defined in the appended 
claims. 
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